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(57) Abstract: A method of acquiring immunological tolerance to a foreign DNA such as a vector carrying a foreign gene integrated 
JJ? thereinto or its expression product whereby the foreign DNA or its expression product can be recognized not as nonself but as self 
P ; a method of sustaining a gene therapeutic effect whereby a rejection to a foreign DNA such as a vector carrying a foreign gene 
I/") integrated thereinto or its expression product can be avoided; and anon-human animal which has acquired immunological tolerance 
f^) to a foreign DNA such as a vector carrying a foreign gene integrated thereinto or its expression product. Immature T lymphocytes 

having a foreign DNA (for example, a virus vector carrying a foreign gene integrated thereinto) transferred thereinto are introduced 
O into the thymus and the above foreign DNA is expressed in the thymus organ. The foreign DNA as described above can be transferred 

Ointo the immature T lymphocytes by, for example, cocultivating the immature T lymphocytes with virus producer cells infected with 
^ a virus vector. 

^ /ttX*7 
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(57) SIS: 

ft W< i& -T *<ffl*&Sn - <S <D ft * ffi D N A 4> * O 56 % % «J 

* r # t';\ C J T tt & < r IH B J £ L T B « * * d <h # T * & , ^ * 
DNA^*0»£lE4fcfc»TS«j'cWfcffiJ£*0 & # # ft- A b . ^ & ffi 

3<cWifeflEJS#«*»ufc*b: hW}®%t%m-?z>t><o-v&z>o ft # ate 7- 

ifiHl * & * ft £ -f )V 'A * 9 9 - m 0) ft # ft D N A *« W A * ft fc #J & : 'J' 
>J >/^*WMHC^XUT, WJRJBfirrtTlMBftfcttPN AS$83K'$1i- 
5. ±Bft*ttDN A £#J& : T 'J WttffcWAt ^'JjHit LTH. fll* 

» #j & t 'j > /t 3$ t # -f ;u x ^ f? $ - r& & o < )V a / n -7' ^ - -y- - m 
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mm* 

5 

%&jzm%L&fL®<nmftyjfe^> m.fc*fem\z&tf2>?\-£&DN arm 
mmM\zttLT'&xM%>mn®zMft L.£-??x^©#t: vmm\z^ 

15 ±mt-^^z^E.^m^r^>tKm\zMvx\ l t^}t^^M^u^. z. 

25 Jf Lfc D t/i&£;S£-r3 J: 5 L^L. U £ * Bill©* 
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ftcDT. £E£#eE©Bt!lttttftt*HB&-$>v ? □ 7 7 - v t t u >/t# 

ft, «Cfjii««ift*o*< oate^issftcaffl 

*ntt3Wil|V»tH"5-fe «7-f (HVJ) m (J. Biol. Chem. 264, 

12126-12129, 1989; J. Biol. Chem. 266, 3361 3364, 1991* Bioche. 
Biophys. Res. Commun. 186, 129 134, 1992, Circ. Res. 73, 898-905, 
1993, Science 243, 375-378, 1989, J. Clin. Invest 94, 978-984, 1994) 
20 ^tlTH-g),, 
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LTft&lt^ S^fe (#PI¥9 - 1 9 4 3 9 3 ft 

lc + »^S4mfi|gC<7)^^#j^WMP©#ffli(^J<i:, ftP$6SEJI«j&<8 

$ $ *i fc & i z tt # -r * s6 Co ^ x m & *r a «■ m m n t & <=> & s s % at $j 

(#PS¥ 1 0 - 2 9 8 1 0 1 S**£ttAftJB 

# (c » & l # ft w & & g * g £ « & ti * e> a §§ & ^ ta t s n 1 1 w «fc 

747 o n^w *<»e»ftT^S. 
[ 0 0 0 6 ] 
20 [«9ia<#ftL«fc'5 £T*fflUB] 

FTOC («l«NAIifM««) tC^UTU h n*-f ;PX£^LTit£ 

CW?-*tilf$§5&*«fc (Cell 86, 243-251, 1996) ^ftT&D, &&t>M 

25 t>*3e«&spA«s< . ue^ot u >rtmz&z%mwm*wx.z>m%:\zz. 

L<, ^-©fc«)^ffltttC2.L^ofc (FASEB. J. 6, 2853-2858, 1992, 



3 
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Ann. Surg. 222, 229-242, 1995. J. Clin. Invest. 98, 2640-2647, 1996). 

9XJI^T, ^>J->^7t^a« (GFP) m.fc=f-£ V Y uH)V7, 
(pGD) tZm&Z&tzp GD - G F P Zfoft J Pf&&ft\zm 

G F PilfS^ ^ffl^&Sttfc^'Y ;P7,^^7 2 il Mft* £ 1 ^ £ O O 

T ISt$ L L T <^ £ <Z) £ % ;t £ tl £ „ 
#f|BJ1 coalite, ±f3tf)i; 5 tcjte^te^ffl^<DWfflft^£«fc^ 

25 >A«3SSS«SL, a»*»a*Aite^'** ?-fc*t-r5fc«Effi«F£lsI 
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^^Oitf5T#A-r 0 — iv £ (J. Immunol. 161, 2888-2894, 1998, 
Immunity 9, 565-574, 1998) &ffll>T7^ X #J ST U >/^Cp GD- 
GF P itfc^£#AL, Sitter A»l US * G F PO*8l:J:4i 

A L , £©T9*©tttt»!ISItj&»&©|ga;6i$oTa>S. pGD-GF 

p u h p^-r )i>x&&ft j $>mi&miz&.M Ltc ^§tu >/\-^m 

ztiz±-?r, se • *ea©i»sij&t)fce»-r4'^«tRiT**iwj»tc» 
^tox-o^z 9-&Lfto®im<D&\,*5&m£. -emc «fc tr>T u 

At5 £ £Z&m£tZ>9V*&DNARtf/XiZ-Z:<D&mmW\ZM?Z> 
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KT Sitfc^&^tf D N AT&£ d 5 »#Jg 1 

Xte2 gB*©^*ttD N A25:^/Xtt^©563SM«F»C*trs«^WfeaiE 
(tt*JS3) ❖..^*ttDNA*t. 'Pti.< t h- r< -'7°^ K 
5 KTiae^&^tf D NAT 

Jg 1 Xtt 2 33«<B*|.#ttD N AS^/Xti-e^^iliC^t^t^W 

io (»*«5) ^-^^*jte^#Affl^<;u^^^ ^-T 

*S C 5B5*©^*ttDN AR0t/Xtt-5-O56S 

^bTjw«^#A-r* sr^at-rsjte^i&ssamcjtiBK^fe cur 
25 <Dftm^m (9*110) ^> f-tmRmfcTmAmo^ fr*^ 
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(flfjRJBi i) ^> i/hP^-r^x. 7f; 

zmxm i 1 83*oate^i6*^*oKftt^rft <»*^ i 2) t«ts. 

DNA^^^?it5Ct$#S<!:tl>»*« 1 3 tSf ©H^ttD N AR 

10 4) n*ttDNA*i, 4>&< tfc^^^-^^tJDNA 

E ch^^mtT^ft^^ 1 3X111 4K*<Z)tt#ttDN ARtf/ 

xtt*0fe££*jK#i-s&*wfc&Ji&*«»Lfc#k h»« <»# 

JI1 5) ^^^-*^*jte^#Affl^< J^^^^-T*5:t 
5r#m<h-r^WJt<^ 1 5 HB«feO^*1tD N AROC/XH^-©f6^^«IiC 
15 2tTS&*WfcJ£K&£*#bfc#k l 6) ^, *-OU 

20 <h £«f »ti"5»*JS 1 3~1 7 Ol»"fn^8Btt<on*ttD N ARtf/ 
XH-€-©fS^S<ftfCJtT««^W^iSEII«S:l»#l/fe#t (»* 
118) »ftjHlClt5*k K»«^-7^x-c«5it*^»tt 
3|f 1 8 f2igfeCDfl-*ttD N AS^/Xtt^©f!IItl:Mt^i^ 

25 
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f 2ltt. 7 *-7- K&1M KX + t 7 ^-tC^Sit^^Ai^ 
$g 93 £ f^JST £ £ ft co* & co 

5:t$#{liL, #L<«, H*ttD N A^*A£*lfc#J3gT >J >/\° 
i^SMtd^ALT, J3^J3gg§WFMT*Mien*14DN A£%5t£-t*S ^ t 

^£^•5. fit, MfB^3fcttD N Ai LTH nsfeite^f"*"* * 
MSfJ^TfCD^giig^lT^SMB P($IU >^»tt^ >/t*») 
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AliM (YAC)^^-^CD^^-£#J^TSd<!:#T#3^, 

ttccfco, i4~i8 g mommmfr z. tw~e&*. m 

± i 4 ~ i 5 umommmte. &^mmifimm\z^m±^iz^tEL, m 

15 #fgHjtc&tf Sfl-ifcttD N A£#)^T U >/1MAT5Jfti:lT 
tt, ^MSgLfcitfc^fcA-r*--;/ * (J. Immunol. 161, 

2888-2894, 1998, Immunity 9, 565-574, 1998), #1 PL it. %)%T 'J > 

( forward and side scatter) \Z&0ft$iL* &7t?£te fc-fe )V V - ^ - t3 

Sav-*-CD4 5 (C*fT3in:#£&£L£ ! fo<Z>£&ffl L-T, 7D-f 
-f h * h l J-t^V-^-fGFP + CD4 5 + iH5V-ht5:i: 
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^i|C^*ttD N A038M&KttTS&*Wfc£fl£te,0mf , 

nts^t^tss. tons ^*ttDNAi:iotgjn5M^§ 

j&tC$ALT, J*J»»WrtT**teDNA£36££tfS;:£K:«k9, ^ 

20 %.&n®&mnvtc# t h»*«, u >/^3**^utwir^^* 
fTU >/^5Wii:iAiT 1 wj»ggwrt-irii&ffim3fettDN AZ5&m 

0! 5-;K 1t4 £ 3P<0«i&?L»'»£0»J* , r5 £ t*«T? 

25 Writ, flOfflf^l^bLTT^x^SUn £*T, #fgHJ3£. * 
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§g«!l 1 

RPMI 1 6 4 0 [i«gT\ 5 0aMW2-^JI/*7 p H^;- 
5 ^ (->^Ty $'*;Pth»), 1 OmMtD^^X (Gibco BRL ft® ) . 2 m 
MOL-yj^i XGibco BRL tfcSt). 1 X#£»i7 5 /i? (Gibco BRL 
&«).' lmM©t;Hf>fttK , J'JA (Gibco BRL tfc«), 1 0 0 U/ 
m 1 (D^~ v U > (Gibco BRL *hU), 10 0m g/m 1 OX hl/^h 
V<v> (Gibco BRL tt«) IC 5 6 *C T 3 0 # MM 

10 ^LfclO %<B#->J&Aejf[L?» (F C S) **iQL.fc»«« ( 1 0 % F C 

s-rpmi 1640 mm) zmmLfz. gus«c*^**f^tt 
ttssa^ 1 5~i 6 b go v^x *mumm\z& o$ l, 7 0 %cox 

15 * /-;Ul?T<j7XcD]iggB£mftL-7c&. feff^fgrtlOOrarall 
JDLlCfltOHJLfc. u©fS^6ftff*]»!3iaLT, iffi^il 1 <£>i&*fe 2 0 
~30miroAofel 00 mmMMJEiCfl^ff^SL, 2-3 m^^tCll 

20 #--fcT©±K:B#jliL*t«:ttOI«fc€r» TtfXJtefiPlftlfcaiSSBflfcLfc. 

ilL^AU 7^ 7 h ( Helistat) X # > V ( Colla-Tec, Inc., 
Plainsboro, NJ 08536) <D /bW £ 2 4 £ x 7 V — h (1116 mm, 
*£») (Dig#^x;HcM#, HlJS0»J 1 CDigiti! 1 m 1 £A*U X#>^0 
25 £7l>ft®£±t;:|S]W\ ij ^ 7 ^ )l*7-m (Costar, 

Nucleopore Corp. PC membrane, #110409, II 1 1 3 mm) &^(DJHZ 
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1 tfxJUfc 0 0 . 5mli;lSLfc. 

3 0mmlOlSiWt^l:. IOOm lClfelft [0. 2%<D 
10 ? vjfilfff T;U^5 > ( B S A ) tO. l%P)NaN 3 5^tfpH7. 2 

(D u >gfii®^a^^7K (pbs)] ssstl. *<D*iz&mm 4 thai* 

*l:/h$ut<D>/7ya 5mm 2 ) &JWJ»HI**^ * nfc« 

ffiM<D±\zmi±, If 3fe(0ftj&*o 2 6 <f-i?& («*b5mm, 9 0 
15 &.<D&m) t lml y'Jyy^ffl^T, d tl 6 £ D > ;* v ~> a- 

20 GF PJte^^fcWttLfcS 6 5 T^mW*^ - h'T5 7 4 0 bpC 
DNA (£ p- >x y £tt»!) $p GD' OB c 1 I if -f h (01a) 
XttpMSCVOHpaltMh (01b) tC^n-^>^Lfc 0 E <D 

^D-->yi:«to#^nfci*iA^i'^-eGP + E- 8 6 ^HJjgtz 

h7>^7i^y3>Lfc. G 4 1 8BttttIia© + ^6>» FACS/O 
25 T'-v-t^y — * — (Becton Dickinson *±$3) £l^TGFP hi8h ^ 
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£ N I H - 3 T 3 (ATCC CRL-1658) © G 4 1 8 Ktt«Blfl§ 
t^l^L^Cl BI1««L, 7-f frZOjjmZMfe L. 10 6 CFU 



WfCO. 5-2X1 0 4 fi/^x;i/t3fe*J;5Jw 9 6 77-; h^xJH: 
ML, $ h U y-»liL, 1 BM»«tfc±aH^'f 
io ;^^nfa-^-«lte§i!5i;vSft0i:2~5xi o 3 flUn;tT, 

1 ©-?7 7©M1&*- IL-7 (<>^ — □-f^>7-;Genzymett 

8), xitzntrnmrnm 1 ~ 5 n g/m 1 ©^mh^ (scfi ©# 

Sn&tttTU>/^ (12®aM) £7 *-«7- HX^t 
V*- (forward and side scatter) (C^Q^giL (02), tt3tfllttfl: 

20 d 4 5 c^-r*ift«c**6Lfcfeo*ftffl 

Lt, 7 h * h'J-t^V-^-TGFP + CD4 5 + MM& V 

BaS*©^<;UX7 , ox3.-1J--ilfflJ!a^6»SiJLT^* • «f«L/t. 
25 2ES&T7 7. (B6) © T U W13*£ — iittKi*1W**"S&«> 



5 ^fc 
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ftttt!Rlt#> *><D®'&&'ft-oTfr b , p GD - G F P V Y □ V *( ;UX 
ALfc»«BJia^J«IS^{Cj4StL, 2im%. irEG F P&ifcZBm&iWSk 
Zm^TSk^irifomTmfeLtz. S/c.3>hO-^tLTtaBSA(f? 

<F> "No treatment" te&MJI WIE^^T <j7 X (B6) IC 43 3 jfo. + 
£Sci* L , ^^cDd £ fc*« b in.fcrf±f& L ft ^ d t t> 5 . 
"pGD-GFP ip" lE^t&T^T. (B6) CpGD-GFPl/hD^ 

10 PO^^lZ^OtaGF Piaft:^i^LT^2) Ci*^$nTU5. 
"pGD -GFP it" pGD-GFPI/h □ V -f ;U 7. # A MAS £ M 
fttCftMLTV>&VU:fe2lJ£#l 7 lei D#b*lfcii£^#A#]gT U > 
/^iI^A7^7 (B6) <7>jfiL4 J in:M£;t<*U Z <D~? V tetfi 
G F P Vlfctffh £±!&l<te^ Z £tft>fr % . "pGD -GFP it — pGD- 

15 GFP ip" tt. ±fB^a£#) 7 J; Oft b n£iH5^#A#j£ T U > nt*m 
IH^AT^X (B6) Id, pGD-GFPl/hn^^JPX^AMII§$ 

m$&m\z&KLfzt%<Dik$>&item&Mf*L. z<D-?<yx\z&^xm.G 

ftuwtemfc^Ffemtfasmtfcz z t^t? fritz, ztzzcotz. 
9-^^(D^^^\zn^^^m^\-t\En\z%tznx^y) . 
z<Dftm%£fctfmmz%:vtzt>VT°\zt£< > le^Mffl®^^^- 

25 K# L T0#gf$ft^ Jl§ nfc - <h ^18 L£o 
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10 & tlfetf fflT*§, 
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it # <D « m 

£ f 5 fl-3fett D N A Rtf/ X (Dfgglg «T \Z M ? % W O 

5 

2. ^*ttDNA#*XSnfc«)tT'J>^»§«j»i:^Al/T, flfcJS 

nt^Tfji2^*i4D n a zftmzvz z t*wwLt-rz>m#m i bbkr 

10 3. n*ttDNAA«. £ fe7l/;K-ttiSlg«fX«g5^ 

-rzm&m 1x1*2 se^w^^ttDN AR^/xii^©^ii«ii:^t 

15 ££tfDN AT'&£ £ ^i"*!*** 1 X 2 IB** Oft^tt D N 

5. ^ttDNA^. 4>&< £ fc^? *-£^tTDN AT&5 £ <h£# 

m^-rsii^JS'i ~4 <^^-rn^aa«o^*ttD n arcx/x«-?-©5b 
20 6. ^^^-d«^*jte : f-#Affl^'r;px^^^-"T*s^i:*«f«t 

25 «DN AS.^/X«^-<D^^igtl(C^-r§m?cW^iS^^»^#^ffip 
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10. ^*ttDNA^, £ *-&&tT D N Ati&5 H £ «r 

4#m<t-f sw^n 8x«9 <D\,*irnfrmm<Dm.fc?fem%}%:owifaJ5&. 
^^-f ts*-r*^^^-T*s zLt*^j»fr*ai*JH i i sett 

15 t hW]®o 

14. ^*ttDNA*t*A*nt«ltT'J>/1«SI|(|ISH:^ALT. M 

12 $ © n 14 d n a r tx / x « co m m. m m 1 c *t -r * & ^ w & & * £ * 

20 15. n*ttDNA*«. '>^<ife^^^-€^tfDNAT^§^t!; 

1 3Xiil 4 8Bt©^*iDNAStf/Xli*©*S 

1 6. ^^^-^ft*ite^#Affl^-r 

£-f SWjfcJg 1 5 IB«c<Dft*ttD N AX.Zf/Xlt*:<D%mny!}\Ztt-?Z 

17. ^-oux^ ^-^\ i/ h d^-t ^x. 7fy t> jpxx«u> 
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18. #fc H«^l*ai:lt5#l: h»«-?*SCt^atT5 

gt&jm 3-1 7 o^rn**aB*on*ttDN ar^/xiuoot 

1 9 . St^l:8t^#b: h»i^i?7T?»5:tS»ttf ill* 
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